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¦W°¥¦Ît�ª�
�9½>�ª�t¶7���>«Êµ������P´4�g�>«7«s��«�«s¨7�qt��³Z�>�st�Z¼7Ñ¦Wµ��w;³/¶s���7�H±qØ�¶N¨4¦�¸+�w)�_¦2�q�>�/�
�;E�³/�w�ª�N2t�C¦W�9�w½>�Ñ¬7�/�>´s�w�ª�g¦)�9Ë\¦¯�w·ª��� ² ¦W�F%>¨7�ª�sW�_�����w°�t¶4�-��´s°A¨4¦¯�w�7�gt¶7�n¬4�9�;�����w�Z�
���w�>�>�W�wt¶7��±
Ø�¶7�ª�t�ZË0�>�t�>¸TË0�>�P�F«T�^¦Ît�W�w´7¨7t��«b¦W°7¦Wt�ª� µ��wt¶�¦W�>���P(4�s�wt�2�s¨7�F´4�ª� wyx �9Ë?�_«s�ª�7©W�_³ª����¬7�t�7³Z��¦t¦W�T�;¦ª¸?/¶7�q¬4�9�;�����w�Z��´4�T¦W�ª©m³ª�>¦W�g¦¿��·ª�§ËM�>�nt¶7�F�>�W�w�9�w�4����¬7�t�>´s�w�ª�%�9Ër¦¯�w·ª�

ä�ô



� �_¦n«s�ªt�ª�t�F�w�7��«�´N°bt¶7�q¬H�ª�WË0�>�t�g�9�4³Z��¬4�9�;�9�q�ª/�ª�;¦)�9ËPt¶7�g¦W°7¦Wt�ª� �-�4«»´s°�t¶7�
�N¨7�F´H�ª�v�9Ë¹¬7�t�¥³Z��¦/¦W�>�;¦Vl

Ø } � � � �� � Ý â'® ä Ø�z�{2|'�4� � �¿âj± ô �
Ð�Ö��ÑÞ©Ö�àÑÓ�ÏfÖ�à�Ó É ÌFÜ©Ó 9 �g��¼ × ° ��È¯ �wyx ó´§ÿº��î �k��� ùCø ÿº� ÷ ë©Ú ù �7�ª�C�P�wë�f � í?�º��� øsø

Ò	��³ª�9¨4¦W�P�9Ë+t¶7�P¦Wt�;�-t�ª�>°2´4�ª¶s�w�4«Ct¶7�P�d�w½T�^«s�ª©m�-�4«s©WÇ\�>��%T¨7�ª���)�;³/¶7�ªW°N¬H�>¸>t¶7�P¦W¬s���w
�9Ë�¦W�ª½>�ª�;�c�7���ª½T�Z�^¦	�9Ë?¦W¨7´7¬7�t�>´s�w�ª�g¦	�>�y/¶7�P�q�ª�t�>�d�9ËU¦W�ª½T�ª�;���7�w�ª½>�Z�_¦	�9ËU¦W¨7´4¦Î�9�w¨7W�w�>�4¦
³ª�9�R´4�A���T¦¯����° ³Z�T�L´s�w�7��« ���R�T�7��¦W�F%>¨7�ª�sW�_���v¬7�/�¥³Z��¦t¦ �¿¦W�ª�3(4�>¨7�t�Aâ7± ñ � ± Û �ªq¨4¦
³ª�����Ö¦Î¨4³t¶b¬7�t�7³Z��¦t¦W��¦`µ��f��ËÑ� É ��Ê�Ìp�A�9�4«Mµ��f��Ë�� ñ©Ó«��ò�Ó7±PÒ	°�³t¶4�-�7�9�w�7�At¶7�L«s�ª¬7t¶�9Ë�/¶7�g«7�9;�9© "4�9µ�¦W¨7´7t�t�ª���Z¼¥��³Z¨7t��« ´N°Ê�>�7�q¬7�t�7³Z��¦t¦ª¸ºt¶7�F¨4¦W�ª�L³ª�9�»³Z�>�st�t�-� t¶7�
�>�;�9�s¨s�_�9�W�wW°g�-ËÖ�F¬4�-�;�����w�Z�ê�d�w½>�_«s�ª©m�9�4«s©WÇ\�T��%>¨7�ª�F���w�>�>�W�wt¶7��±
ÈÓË � � ø�� �_¦ht¶7�F�Z¼¥��³Z¨7W�w�>��W�w�q�q�9Ë��>�7�q�7�7«s�F�w�»t¶7�F�>�;�9¬7¶¼�m�T�2t¶7�ª� É ��Ê©ÌF�©� �

�>�Qñ�Ó���ò�Ó�� � ¬7�t�7³Z��«s¨7�t� � ¸7/¶7�ª�gt¶7�)�Z¼7��³Z¨7W�w�>�AW�w�q�)�9Ë�t¶7�)¬7�t�7³Z��¦t¦	t¶4�9\�Z¼7��³Z¨7t��¦þ �w�ª½>�Z�_¦d�9Ëyt¶7�Ñt�/�ª�)�^¦ ¶ �B�4{2· x � � ¯ þ ¯>� � 9<¸ �$���¹�%� ' � � � �° � �
Ø�¶7�C�>¬7W�w�g�c�r«s�ª¬7t¶R�9Ë)t¶7��«7�-;�9© "4�9µ�¦W¨7´7/�t�ª���T³t¶s�w�ª½T���7��t¶7�g´H��¦WF¬4�ª�WË0�>�t©

�g�9�4³Z�v³ª�-�q´4�dËM�T¨7�4«F´N°q¦W�-��½T�w�7�Ft¶7�P�F�w�s�w�F�w·��9W�w�>�A¬7�t�T´s���ª�Ê±\Ì>¨7¬7¬H�N¦W�)t¶4�9yt¶7�
�>¬7W�w�g���x«s�ª¬7/¶F�_¦y�F%T¨4���xt�Ñ¦Î�>�q�P³Z�>�4¦W;�-�N�ºÊ±�Ø�¶7�ª�?¸s¨4¦¯�w�7�nt¶7�P�Z¼7��³Z¨7W�w�>�qW�w�q��¦
�9Ë É ��Ê�Ìp��� � ¸�ñ©Ó��Ñò©ÓÑ� � �9�4«kÞ©ÖÑà�Ó�ÏfÖ�àÑÓ É �ÑÊ�Ë
��Ì���Í�� � ¸7µ��q«s�ª�W�w½>�g�-�k�Z¼7¬7�t��¦t¦¿���T�bËM�T�t¶7�Ñ�Z¼7��³Z¨7W�w�>�ÊW�w�q�Ñ�9Ë\¦W¨4³/¶k�9���c���T�>�W�wt¶7�!µ��wt¶b«s�ª¬7t¶»º Ë0�>���>�W�w�9�w�4���y¬7�t�>´s�w�ª�
�9ËL¦¯�w·ª�C��¸�Ø���ºk¯�� � ¸\�9�4« (4�4«Rt¶7�Ê½c���w¨7�»�9ËZº�´s° ¦W�9�w½>�w�7�æt¶7���§���s�w�F�w·��9Î���T�
¬7�t�>´s�w�ª�Bl

�§���¸ Ø�� þ ¯�� �µP¶7�ª�t�FØ�� þ ¯�� � �_¦Vl
Ø�� þ ¯�� � 9 ¸4¼ ������� �½«

¶ �B�4{2· x �¿Ø�} x�~���� ¯ þ ¯ �° � ¸ � �
¶ �B�4{2· x �¿Ø |j���2��� ¯ þ ¯ �° � ¸ � ¬

�
¶ �B�4{2· x �¿Ø�} x�~���� ¯ þm¾ ¯ �° � ¸ � �

¶ �B�4{2· x �¿Ø |��¡�2��� ¯ þ�¾ ¯ �° � ¸ �� Ø } � � �äÐ©Ö«��Þ©ÖÑà�Ó�Ï¡Ö�àÑÓ É ÌpÜ©Ó �
µP¶7�ª�t� wªx 9 þ � þ � þ�¾ ¸7�9�4« þ�¾ î þ ±

ä�á



... ...... ... ... ... ... ...

Split()

Merge()

One process

Üº�w�>¨7�t�Ñâ7± ñ¡l\Ï)�t�>¨7¬A¬7�t�7³Z��¦t¦W��¦�±

Üº�w�>¨7�t�vâj± ß)���Ô�w¨4¦W/�;�9t��¦Ö¶7�cµ t¶7��½c���w¨7�)�9Ë?t¶7�P«s�ª¬7t¶C�9Ëxt¶7�)¦W¨7´7t�t�ª�v³ª�-�g�pU?��³Z
t¶7�P�Z¼7��³Z¨7W�w�>�gÎ�����P�9Ëx/¶7�P¬4�9�;�����w�Z�U�c���T�>�W�wt¶7��±yØ�¶7�P�T�;�9¬7¶q¦W¶7�9µv¦¹t¶7�P�Z¼7��³Z¨7W�w�>�
W�w�q�F�9Ë\Wµ��n�w�q¬s�w�ª�q�ª�s;�9W�w�>�4¦h�9Ë�(4�4«T���7�Êt¶7�Ñ�§���s�w�F¨7�
�Z�w�ª�q�ª�s)���bt¶7�F�9�t�;��°�l
t¶7��¨7¬7¬H�ª��³Z¨7�t½T��³Z�>�t�t��¦W¬H�>�4«7¦Ft�æ�9�æ�w�q¬s�w�ª�q�ª�NZ�9W�w�>� µr��/¶<º¿9�äT¸\�9�4«R/¶7�
���9µ��ª�2³Z¨7�t½>�q³Z�>�t�t��¦Î¬4�>�4«7¦)t�A�9�¾����¬s���ª���ª�N;�-W�w�>�»µ��wt¶Mº ³Z�>�q¬7¨7/��«�¨4¦¿���7�A/¶7�
¦W¨7�>�>��¦W/��«A�9¬7¬7�t�N�>³/¶?±EF��FÀG ÁhÂ8\�L2\�S�O8�
Ø�¶7� �2�-;�AÜº�w�cµ �-¬7¬7�t�N�>³/¶»µ��wt¶»�C�9¬7¬s�w�7� «s��¦/³Z�W�w´4��«��w� ¦Î��³ZW�w�>�Yâ7± ôj±wäF¶4�>¦2/¶7�
¦Wt�t¨4³Zt¨7�/� ¦Î¶7�cµd� ´H�Z�w�cµn± Ç\�>�4¦WZ�9�N3Î©ÓF�f��ç «s�ª�7�Tt��¦Ct¶7�»«s�ª¬7t¶ �9ËÑt¶7�»«7�9;�-©"4�cµ ¦W¨7´7/�t�ª�R�g�9¬7¬H��« �>�N/� �>�7�R¬7�t�7³Z��¦t¦ª± �Ö�t�7³Z��«s¨7�t��¦:µ��
��ËÑ� É ��Ê©ÌF�©� � �-�4«µ��f��Ë�� ñ©Ó��Ñò©ÓÑ� � «s�ª�7�>/�Pt¶7�P�>�/�>¨7¬q¬7�t�7³Z��¦t¦W��¦	«T�^¦/³Z¨4¦t¦W��«§���Ct¶7�P¬7�/�ª½>�w�>¨4¦�¦W��³ZW�w�>�?±
É ��Ê�Ëf��Ì«��Í �íÐ©Ö«�©Ö�Ê�Ê¡Ó�Ê Î�Í¡Ï[i©¢OÐ��
��Ò�ÊfÓVÔ �ØÖ�ÐÑ�f��Ò�Ê¡ÓÕÔ�¦

ä��



500

1000

1500

2000

2500

3000

3500

4000

4500

5000

5500

12 4 8 16 64

m
i
l
l
i
s
e
c
o
n
d
s

Number of Processors

d = opt
d = 1

Üº�w�>¨7�t�Fâ7± ß�lyÕ ¼¥��³Z¨7W�w�>�ÊW�w�q�2�9Ë�(4�4«T�w�7�gt¶7�n�F�w�s�w�L¨7� �Z�w�ª�q�ª�s�±

×
É �ÑÊ�Ë
��Ì���Í �ØÖ É �ÑÊ�Ë
��Ì���ÍQÙ
îÛÚ ¢ É ÌFÜ©Ó�¢VÖ�ÐÑ�f��Ò¡Ê¡ÓÕÔ�¦�ÝßÐ©Ö«��Þ�Ö�à�Ó�Ï¡ÖÑà�Ó É ÌpÜ�Óf¦���1Ã ��ÄÑÁD¾�¡�Å ½ÛC»¢�Ä�Ä C�ÅA�¾�¾2¢�Ä´Á/¡�C�Ä�¾�Æ�¡B� ½H�É¤
A>�²A�¾ ¾�¡F¾7Ç� C�Ä�¾�Æ�¡¼½a¢&Cª¡BÈ+AN¡+�4¢¿½ A�¾ ¾Ô£ �+�Ö É ��Ê¡àFËf��Ì���Íá³íÎ�Í¡Ï�¢DÖ«Ð��
��Ò�ÊfÓVÔë¦uÙ
ø �_� ø ×��� C�Ä�¾�Æ�¡¾¤x��ÄÑÁV¾�¡�Å ½H�É¤
AT�®A�¾�¾�¡F¾ ���Ð��
��Ò�ÊfÓVÔ �ØàpËÑÒfÐÑ�f��Ò¡Ê¡ÓÕÔuàvâäã�É�ÊÌË�Í4ÎVådÙ
É �ÑÊ�Ëf��Ì���Í �WàpËÑÒ É �ÑÊ�Ë
��Ì���Í�àêâsã�åÈÙæ ��ç�Ó���èpÍ
éf� � æ ��ç�Ó«�Qâ¿âÐÏ É�ÊÌË�Í�Î ���4Ñ ådÙ
î ê � Ì�Ùµ��
��Ë�� É ��Ê�Ìp�v¢OÐ��
��Ò�ÊfÓVÔP¤kàFË�ÒfÐÑ�f��Ò�Ê¡ÓÕÔuàë¤ æ ��ç�Ó«��¦�Ù
ÿº�4�pÚmëx� ¢pÌ5³/ìvÙ Ì/îßã�É�ÊÌË�Í�Î�Ù�Ì«ð�ð©¦àpËÑÒ É ��Ê�Ë
��Ì«��Í�àêâ;ÌFåí³íÐ©Ö«�©Ö�Ê�Ê¡Ó�Ê Î�Í¡Ï[i©¢VàpËÑÒfÐ��
��Ò¡Ê¡ÓVÔ�àvâRÌpå�¦�Ù

ä�ç



Ö É ��Ê�Ëf��Ì«��Í´³<µ��f��Ë�� ñ©Ó«��ò©Ó±¢DàFË�Ò É ��Ê�Ëf��Ì«��Í�à�¤ æ ��ç�Ó«��¦uÙóó

H#9ÓÒ »±õög3@R`Lõö`LS:K�?QK�MO=TS$i
²»�Ñ¨4¦W��«Êt¶7�F�9¬7¬7�t�N�T³t¶Ê¬7�t��¦W�ª�st��«C�w�»¦W��³ZW�w�>�bâ7± ôFt���w�q¬s�w�ª�q�ª�sÑ¦W�9Ë0¿µP�9�/�vt�ª��©
¬s�^�-t�b�w� Ç!µr��/¶��v� Å ¸)Ç!µ��wt¶�åL�L¸P�9�4« ÇPÇP�T�Ñ± Ì9�w�4³Z�Y/¶7�Y³Z�¥«s� ËM�>���c�Ô�
t�ª�q¬s�_�9t��¦Ö�_¦y½>�ª�/°§¦¿���§�Ô�_�9��¸Nµ��Pµr�Ô���?¬7�t��¦W�ª�s��-�4«q«T�_¦t³Z¨4¦t¦	t¶7�v¦W�T¨7�;³Z�Ý³Z�7«s��Ë0�>�\/¶7�
ÇPÇP�T���w�q¬s�w�ª�q�ª�s;�9Î���T���>�s�w°>±
�!¬7�t�T�>�;�9� �^¦n¬7�t�9½T�_«s��«æt��t¶7�C¨4¦W�ª�Ft�»«s�ªt�ª�t�§���7�A/¶7�g�>¬7Î���C����½9���w¨7��¦F�9Ë

³Z�>�4¦W;�9�s;¦'Î©ÓF�f��ç �9�4«¼Þ©ÖÑà�Ó�ÏfÖ�àÑÓ É ÌFÜ©Ó¥±»Ør¶7�A¨4¦W�ª�F�_¦q�/�F%>¨s�w�t��«Ét�b¬7�t�9½>�_«s��/¶7�¬4�9�;�9�q�ª/�ª�;¦q�-ËLt¶7�b���w�>�>�W�wt¶7�Ù�9�4« t¶7�b;�-�t�>�ªg¦W°7¦Wt�ª�Ù«T�_¦t³Z¨4¦/¦W��« �w��¦W��³ZW�w�>�4¦
â7± ñ7±wä2�9�4«Aâj± ô7±
Ø�¶7�A¨4¦W�ª���_¦F�t�F%T¨s�w�t��«Rt�æ«s�;(4�7��Wµ�� ³/�_�>¦/¦W��¦$Ð��
��Ò¡Ê¡ÓVÔ �R�9�4« É ��Ê�Ë
��Ì«��Í �µ��wt¶�t¶7�)Ë0�9���w�9µ��w�7�g¬7¨7´s���_³n�w�N/�ª�WËÓ�T³Z��l

���w�4��� Ð��
��Ò�ÊfÓVÔ � ×
ÿÖíU���aî_�hÔÐÑ�f��Ò¡Ê¡ÓÕÔ �v¢p¦�ÙÕ ÐÑ�f��Ò¡Ê¡ÓÕÔ �ê¢p¦uÙ
î ê � É ÌFÜ©Ó�¢F¦uÙ
ú+ëxîaì É ��Ê©ÌF�v¢OÐ��f��Ò�ÊfÓVÔ � � ¦uÙÚ¿�9î ø4ê ì üqü �nëxîaì8Ö ë+ÿ ø ���7�ªëx��× ¢ üqü �nëxîaì8Ö ¤ �9ë ê �ª� ÐÑ�f��Ò¡Ê¡ÓÕÔ � Ö ¦uÙÚ¿�9î ø4ê ì üqü �nëxîaì8Ö ë+ÿ ø ���7�ªëx��Ø ¢ üqü �nëxîaì8Ö ¤kÐÑ�f��Ò�Ê¡ÓÕÔ � Ö ¦uÙó Ù
���w�4��� É �ÑÊ�Ëf��Ì���Í � ×
ÿÖíU���aî_�hÔ
É ��Ê�Ë
��Ì«��Í �v¢F¦ ×�ó ÙÕ É ��Ê�Ë
��Ì«��Í �v¢p¦�Ù
ú+ëxîaì Þ�Ö�à�Ó�Ï¡ÖÑà�Ó É ��Ê�Ëf��Ì«��Íc¢ÂÐ��
��Ò¡Ê¡ÓVÔ � Ö ¦uÙ
ú+ëxîaì ñ�Ó���ò�Ó�¢ É ��Ê�Ëf��Ì���Í � � ¦�ÙÚ¿�9î ø4ê ì üqü �nëxîaì8Ö ë+ÿ ø ���7�ªëx��× ¢ üqü �nëxîaì8Ö ¤ �9ë ê �ª� É ��Ê�Ë
��Ì«��Í � Ö ¦�ÙÚ¿�9î ø4ê ì üqü �nëxîaì8Ö ë+ÿ ø ���7�ªëx��Ø ¢ üqü �nëxîaì8Ö ¤ É ��Ê�Ëf��Ì«��Í � Ö ¦�Ùó Ù

ä�à



Ø�¶7�A�_�>¦ÎgWµ��bË0¨7�4³ZW�w�>�4¦��w� ���T³t¶ ³/�^�T¦t¦g�-�t�k«7�9Z�bt�;�9�4¦¿ËM�ª��ËM¨7�4³ZÎ���T�4¦q�t�F%T¨s�w�t��«
´N°�ÇPÇP�T�1n^ä�âpom±LØr¶7�ª°k«s�;(4�7�q¶7�9µ�t¶7�g«7�-;�q�-Ër�9�b�>´fGW��³Z2�9Ë�t¶7�q³/�^�T¦t¦Ñ¦W¶7�T¨s�^«
´4�At�Z�9�4¦¯Ë0�ª�t�t��«ÊË0�t�>�Â�>�7�A¬7�t�7³Z��¦t¦W�>�n�>´fGW��³ZL/�k�9�7�>/¶7�ª��±kØr¶7��¦W�qË0¨7�4³ZW�w�>�4¦q�-�t�
�w�N½>�TÆ>��«æµP¶7�ª�Rt¶7�A�>´¡G¿��³Z;¦n�9Ë2�»³/�_�>¦t¦q�9�/�g¨4¦W��«R�T¦q�9�t�>¨7���ª�N;¦nt�b¬7�t�7³Z��«s¨7�t��¦
�w�N½>�TÆ>��«A�>���§�t�ª�q�>t�)¬7�t�7³Z��¦t¦W�>�d�>´fGW��³Z�±
Ø�¶7�¾ÇPÇP�T� ����¬s���ª���ª�N;�-W�w�>� «s�;(4�7��¦n¬7�t�7³Z��¦t¦W�T�Ñ�>´fGW��³ZÑW°s¬4�&Î�Í�Ï �bµP¶s�_³t¶

¨4¦W��¦d¿µ��q³/�_�>¦t¦W��¦Lñ©ÖÑ pç±ÌDÍ�ÓÑà ���9�4«ÚÙÑ�©Ó�Ó �x±�Ø�¶7��¦W�F³/�^�T¦t¦W��¦)�9�t�2¬7�t�9½T�^«s��«Êt�Ft¶7�
¨4¦W�ª��±
ü �^�4��� ñ©ÖÑ pç±ÌDÍ�ÓÑà � � �_¦y¨4¦W��«hË0�>�y�t�ª¬7�t��¦W�ª�sW�w�7�L�-�4«Ñ�C�9�s�w¬7¨s�^�-W�w�7�§�-�t�;��°¥¦º�9Ë4t¶7�
�4�9�q��¦n�9ËPt¶7�g³Z�T�q¬7¨7t�ª�;¦{�m¬7�t�7³Z��¦t¦W�T�;¦ � ¨4¦W��« �w�Rt¶7�g³Z�>�q¬7¨7Z�9W�w�>�?±�Ø�¶s�_¦F³/�_�>¦t¦
¶4�>¦�t¶7�hËM�-�Ô�w�9µ��w�7�q¬7¨7´s���_³n�w�N/�ª�WËÓ�T³Z��l
�;þ¹ÿ ø ì ø Ú�� ÷ �4� � à�����ÌDÍ
òdÙ
���^�4��� ñ©ÖÑ pç±ÌDÍ�ÓÑà � ×
ÿÖí?�ë�aî_�IÔ
î ê � Í�Ë�ÔfÒ�Ó«�dÙ
î ê � � ÊfÓpÍ
ò���çxÙà��Ñ��ÌVÍfò � Í�ÖÕÔuÓÑà�Ù
ñ©ÖÑ pç±ÌDÍ�ÓÑà �v¢F¦uÙñ©ÖÑ pç±ÌDÍ�ÓÑà �v¢ î ê � Í±¦uÙñ©ÖÑ pç±ÌDÍ�ÓÑà �v¢ î ê � Íx¤ � ÷ �4� ��� Íi�¦�ÙÕ ñ©ÖÑ pç±ÌDÍ�ÓÑà �v¢F¦uÙ
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Å �ª�F´4�ª�dËM¨7�4³ZÎ���T�BÐ©Ö«���q�_¦)¨4¦W��«¾t�g¦W¬s���w2t¶7�F�9�t�;��°C�9Ë �C�>³t¶s�w�7�F�4�9�q��¦r�w�N/�

t¶7�F�9�w½>�ª�b�N¨7�F´H�ª�2�9Ër¦W¨7´4�-�t�;��°¥¦�¸x�9�4«Ê�>¦t¦¯�w�>�b�9�w½>�ª��¬4�9�t)�N¨7�F´4�ª�2/�gt¶7�q�9�/�;��°
�9Ëy�g�>³/¶s���7��¦dÔ¹±
ü �^�4��� ÙÑ�©ÓÑÓ � � �_¦?¨4¦Î��«Ñ´s°2¬7�t�7³Z��«s¨7�t��¦�µ��f��Ë�� É ��Ê�Ìp��� � �-�4«Zµ��
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�9¬7¬7�t��¼N�w�g�-t�Z�w°R�F%>¨4���v¦¯�w·ª��Àdt¶N¨4¦�¸\t¶7���c���T�>�W�wt¶7�F�_³C¬4�9�;�-�q�ªt�ª�;¦n�9Ë2t¶7�A�q�ª�t�T�ª©
¦W�>�tg�-�t�D' 9Ãâ��9�4«�°69 â7±5X)¦¯�w�7�»���w�7���9�A�t�ª�>�/��¦t¦¯�w�>�æ�wq�_¦F¬H�N¦t¦¯�w´s�w�bt��(4�4«
�Z¼¥��³Z¨7W�w�>�ÊW�w�q�2Ë0¨7�4³ZW�w�>�4¦	Ë0�>��¬7�t�7³Z��«s¨7�t��¦LÞ�Ö�àÑÓ�Ï¡ÖÑà�Ó É ��Ê�Ëf��Ì���Í�� � ¸ É ��Ê�Ìp�©� � �-�4«ñ�Ó��Ñò©Ó�� � ±yÞP�Ct¶7�2Ø?�T¨4³t¶4¦W/�>�7� �)�Z�w;�ht¶7��¦W�dËM¨7�4³ZÎ���T�4¦P�Ó���C�F�������^¦Î��³Z�>�4«7¦ � �9�4«q/¶7�
³Z�>�q�F¨7�s�_³ª�9W�w�>��Î�����2Ë0¨7�4³ZW�w�>�k�9�/��l

Ø ����} �Ó��z �B} �p��� � 9 ã7ï ãTã���ß
Ø�} x�~���� ��� � 9 ã7ï ãTã>ã>á
Ø |j���2��� ��� � 9 ã7ï ãTã>ã��cô�� � ãjï ã>ã>á>àTá
Ø z�{2| ��� � 9 ã7ï ãTã7ä>ä�á�� � ãjï â9ßf�cô
�

µP¶7�ª�t�ç�¾�_¦dt¶7�Ñ¦¯�w·ª�Ñ�9Ëyt¶7�Ñ�9�/�;��°>±
� ø �pÚmë+���k� ê � ø � ø �-í±�^����� Xv¦¿���7�A/¶7�§�-´4�9½>�Ñ¬4�-�;�9�q�ªt�ª�Z¦�µ��§³ª�-�k³Z�>�q¬7¨7/�L/¶7�
�>¬7W�w�g���¥«s�ª¬7/¶L�9�4«)t¶7�y½9���w¨7���9ËÑÐ©Ö«��Þ�Ö�à�Ó�Ï¡ÖÑà�Ó É ÌpÜ�Ó7±?Ø�¶7�y½9���w¨7�\�9ËfÐ�Ö���Þ�Ö�àÑÓ�Ï¡ÖÑà�Ó É ÌpÜ�Ó
�^¦nä�â>çj±
Ø¹�9´s�w�vâ7±wä�¦W¨7�q�g�-�W�w·ª��¦y�Z¼7��³Z¨7W�w�>�qW�w�q���9Ë+t¶7�P���w�>�>�W�wt¶7� �>�Ft¶7�PØ?�>¨4³/¶4¦Wt�T�7��)�Z��Z�FË0�>�2«T�mU?�ª�t�ª�s)½c���w¨7��¦2�-Ë t¶7�q«s�ª¬7t¶?±)Õ¹¼7��³Z¨7W�w�>�bW�w�q�2�_¦)�9�w½>�ª�Ê�w�»¦W��³Z�>�4«7¦ª±

Ø�¶7���N¨7�F´4�ª�Z¦¹t¶4�9�³Z�>�/�t��¦W¬4�T�4«Ñ/�vt¶7��«s�ª¬7t¶q³t¶7�s¦W�ª�F´N°2t¶7�	¬4�ª�WË0�>�t�C�9�4³Z���q�¥«s�Z�
�>¦��>¬7W�w�g�c� �9�t�Ñ¦W¶7�9µP�C�w�æ¡�Åd¤4 ÑA�CV½ÛC\Ë0�>�s�±yØ�¶7�Ñ«T�_¦t³Z�t�ª¬4�9�4³Z°Ê´4�ªWµ��ª�ª�A¬7�t��«T�_³Zt��«
�>¬7W�w�g���\«s�ª¬7t¶Y�9�4«Ê�>³Zt¨4���y�>¬7W�w�g�c�Ö«s�ª¬7t¶»³ª�9�b´H�L�Z¼7¬s�_���w�7��«b´s°�t¶7�nËm�>³Zv/¶4�9
t¶7�q�9�w�>´4���P³/�w�¥³/Æ»µP�>¦)¨4¦W��«Ê�w�R������¬H�ª�WËM�T�t�g�9�4³Z�q�����>¦W¨7�t�ª�q�ª�s;¦'�0�w�4³/�w¨4«T�w�7�Y/¶7�
�>�7��¦2¨4¦W��«¾Ë0�>�Ñ³Z�>�q¬7¨7Î���7��Ø } x�~���� ¯ZØ�z�{2|Ñ¸+�ª;³ � �9�4«b´s°�t¶7�nËm�>³Z)t¶4�92t¶7�F¬4�ª�ÎËM�>�/©�g�9�4³Z�q�q�7«s�Z��«s�s��¦2�7�>);�9Æ>�n�w�st���>³ª³Z�>¨7�sÑ¦W¨4³/¶»¬4�9�;�9���ªt�ª�;¦)�>¦2³Z�>�st�ª�NÎ���T���w�
t¶7�Ñ�7�ªWµ��>�tÆ+¸>�q�ª���>�t°A³ª�>³t¶s�w�7�4¸+�9�4«Ct¶7�2�9½>�ª�/¶7���>«C�9Ëy�t��³Z¨7�;¦¯�w½>�F³ª�����^¦�±

â>ô



åd¨7�F´4�ª�)�9Ëy¬7�t�¥³Z��¦/¦W�>�;¦ «M9 ä «69 â «69 ñ «69�ß «69 ô
â 	�umþwv Ð Ð Ð Ð
ß ô7± à>á x�þ@u�y Ð Ð Ð
ç ñ7±��cà zmþL{|u ß4±^ä�ñ Ð Ð
ä�á â7±��Nä ymþL}|y ñ7±ðã>á ñ7± ß4ä Ð
ñ>â â7± â>ã ymþ@z�	 â7±ðô>ô â7± ç>à ñ7± âTç
á9ß ä>± à9ß ymþ@u�~ â7±ðñ>ô â7± á>ô ñ7± ãTñ

Ø��-´s���Fâ7±wä�l	Õ¹¼7��³Z¨7W�w�>��W�w�q�n�9Ëyt¶7�2�q�ª�t�>��¦Î�>�tv���w�>�T�W�wt¶7�!�>��Øº�>¨4³/¶4¦Wt�>�7�$�)�Z��Z��0�w�k¦W��³Z�T�4«7¦ � ±

Ø�¶7�F�>�Z�9¬7¶b�9Ër¦W¬H�ª��«s¨7¬Y�-Ë�t¶7�q¬4�-�;�����w�Z�\�q�ª�t�>��¦W�T�t2µ��wt¶b�t��¦W¬H��³ZÑt�At¶7�q¦W�ª©%>¨7�ª�sW�_�������w�>�>�Î��/¶7���_¦�¦W¶7�9µP�F�w�3(4�>¨7�t�2â7± ô7±¹Ø�¶7�)¬4�9�;�����w�Z�?�q�ª�t�>��¦W�T�tyµP�>¦¹�w�q¬s�w�ª©
�q�ª�st��«A¨4¦¯�w�7�q/¶7�L«s�ª¬7t¶Ê¬7�t��«T�_³Zt��«A´s°g/¶7�Ñ�q�7«s�Z�m±

â>á
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Üº���T¨7�t�Lâ7±ðôfl	Ì>¬4�ª��«s¨7¬b�9Ë�¬4�9�Z�������Z�y�q�ª�t�T��¦W�>�t��>��Øº�>¨4³/¶4¦Wt�>�7�$�)�Z��Z�7±
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Z#9;8 »�S:K�_�='~3wbcKëMR=#S
Ò	�;�9�4³/¶Y�9�4«»Ò	�>¨7�4« �_¦Ñ�Ct��³/¶7�s��%>¨7��ËM�T�L¦W���9�Z³t¶s�w�7�k�-�b�w�q¬s���^³/�wg«T�w�t��³Z/��«»�>�Z�9¬7¶
µP¶s�_³t¶¾�_¦P¨4¦W¨4�c�Ô�w°��>³Z°7³/���_³Ñ�T�P�ª½>�ª���Ft�/�ª�&n â�om±
Ø�¶7�)Ò\�Z�9�4³t¶C�9�4«qÒ	�>¨7�4«q�9¬7¬7�/�N�>³/¶F�_¦y�9Ë0t�ª�q¨4¦W��«LËM�>��(4�4«T�w�7�g�-�L�T¬7W�w�g���U¦Î�>©

�w¨7W�w�>��t�F¦W�>�q�)¬7�t�>´s�w�ª�®¦Î¬4��³/��(4��«Ê´N°g�#(4�s�wt�n´7¨7�¬H�N¦t¦¯�w´s�w°A½>�ª�t°§�^�-�t�>�2¦W¬4�>³Z�2�9Ë
¦W�9�w¨7W�w�>�4¦ª±	Ø�¶7��¦W���-�;³t¶n�>�;�9¬7¶nË0�>��¦W¨4³/¶q�P¬7�/�>´s�w�ª� ³Z�>�4¦¯�_¦W;¦¹�9Ë4�7�7«s��¦y³Z�>�t�/��¦W¬4�>�4«s©
�w�7�At���C¬4�-�tW�wW�w�>�b�9Ë\t¶7�q¦W�9�w¨7W�w�>�»¦W¬4�T³Z�>¸+µ��wt¶»¦W¨4³ª³Z��¦t¦¯�w½>�q�7�7«s��¦)�t�ª¬7�t��¦Î�ª�NW�w�7�
¦W�g�����w�ª�\�9�4«n¦W�g�����w�ª�\¦W¨7´7¬4�9�tÎ��Î���T�4¦¹�9Ë4¬7�t��³Z��«T�w�7�2�7�¥«s��¦�± Üj�>�¹���>³t¶n�7�¥«s�P�d´4�>¨7�4«
�>�Ct¶7�v¬H�N¦t¦¯�w´s�w�2½c�c��¨7�2�-Ëº�-�N°g¦Î�9�w¨7W�w�>�gµr��/¶s���A/¶7�v¬4�9�/W�wW�w�>�g�-ËU/¶s�^¦	�7�7«s�)�_¦�³ª�c��©
³Z¨s�_�9t��«+±&X)¦W¨4�����w°>¸�/¶s�^¦)´H�>¨7�4« �^¦)¨4¦Î��«bt�A¬7�t¨7�7�g³Z�ª�/;���w�b´7�;�9�4³/¶7��¦2�9ËP�A¦W���9�;³/¶
t�t�ª�F��Ëv�A´H�ªtt�ª�F¦W�9�w¨7W�w�>�æ¶4�>¦2´H�ª�ª� ���w�t���T«s°�Ë0�>¨7�4«+±ÊÌ>�>�q�ªÎ������¦ª¸��Ê«s�ª¬7t¶7© (4�;¦W
¦W���9�;³/¶b�>�2�C´7�t���>«st¶7© (4�;¦ÎÑ¦W���9�;³/¶»¦Wt�;�9/�ª�>°q�_¦h¨4¦W��«+± Å �>�t�F�9Ë0t�ª�?¸H¶7�cµ��ª½>�ª��¸4t¶7�
³ª���_³Z¨s�_�9t��«Ê´4�>¨7�4«��_¦)���_¦W�q¨4¦W��«C/�§³/¶7�s�N¦W�2µP¶s�_³/¶��9Ë�/¶7�2�>¬4�ª�Ê�7�¥«s��¦��-Ë t¶7�2/�t�ª�
¦W¶7�>¨s�_«A´H�Ñ�Z¼7¬s�w�>�t��«3(4�Z¦W�±
Ò	��³ª�9¨4¦W�d�9Ëxt¶7�d¨7�4¦Wt�t¨4³Zt¨7�/��«q¦W���9�;³/¶g¦W/�;�9t�ª�>°>¸>�2¦¿����¬s���)¬4�9�;�c�Ô�w�Z�+�w�q¬s�w�ª�q�ª�7©

;�9W�w�>�Ê�9Ë�/¶7�LÒ	�;�9�4³/¶»�9�4«bÒ\�T¨7�4«k�c���T�>�W�wt¶7�g¦)�9Ë0t�ª�b«s�N��¦)�7�>2¦t³ª���w�q½T�ª�t°Aµ��Z�Ô�m¸
´4��³ª�9¨4¦Î�L¬7�/�¥³Z��¦t¦Î��¦P�Z¼7¬s�w�9�wW�w�7��¦W�>�q�2´7�;�-�4³t¶7��¦d�9Ëyt¶7�Ñt�/�ª�Ñ«s�q�7�>)¶4��½T�Ñ³Z¨7�t�t�ª�s
�w�sËM�>�/�g�9W�w�>�R�9´4�T¨7L/¶7�g´H��¦Wq¦W�9�w¨7W�w�>��ËM�>¨7�4«æ¦W�ÊËm�9��±ÊÞP�7��³Z�>¨s�_«��w�q¬7�t�9½>�qt¶7�
¬4�ª�WË0�>�t�C�9�4³Z�v�-Ëxt¶7�)¬7�t�>�>�Z�9� ��Ëº�h¬4�9�;�����w�Z��Ò	�;�9�4³/¶g�9�4«qÒ	�>¨7�4«§�w�q¬s�w�ª�q�ª�NZ�9W�w�>�
�_¦g³Z�>��¬4�N¦W��«æµr��/¶ ¦W�>�q�A¶7�ª¨7�W�_¦WÎ�^³Ê���w�>�>�W�wt¶7� ËM�>�C¦W�9�w½>�w�7�»/¶7�A¬7�t�>´s�w�ª��± Ø�¶7�
¦W¨7´4�T¬7W�w�g��� ¦W�-��¨7Î���T�4¦�Ë0�>¨7�4«A´s°Ct¶7�2¶7�ª¨7�W�_¦WW�_³F���w�>�>�W�wt¶7� ³ª�9�At¶7�ª��´H�2¨4¦W��«A/�>©
�>�ªt¶7�ª�yµ��wt¶�t¶7�v³ª���_³Z¨s�_�9t��«F´H�>¨7�4«7¦ÖËM�T��¬7�t¨7�s�w�7�q³Z�ª�t;�c����´7�;�9�4³/¶7��¦¹�9Ëxt¶7�)¦W���9�;³/¶

â>ç



t�t�ª�>±GhF�J8F2J KM]�]�£�U#�IS�R�O8�V]
Ü7�>�P/¶7�2¬7¨7�t¬4�N¦Î��¦P�9Ëyt¶s�_¦��t�ª¬H�>�tPµ��2�g�-Æ>�)ËM�-�Ô�w�9µ��w�7�A�>¦t¦W¨7�q¬7Î���T�4¦Vl

� t¶7�d¬7�t�>´s�w�ª� ´4�Z�w�7�g¦W�9�w½>��«L�^¦��h�g��¼s���§��·��-W�w�>�g¬7�/�>´s�w�ª��/¶4�9�³ª�9��´4�2¦W¬4��³Z©��(4��«�´N°F¬7�t�>´s�w�ª� ¿°s¬4�>¸T�>´fGW��³ZW�w½>��Ë0¨7�4³ZW�w�>�C´4�Z�w�7�F�g��¼s���§��·ª��«C�9�4«q�h�N¨7��©
´H�ª�v�9Ë\³Z�>�4¦W/�;���w�NZ¦ª¸

� t¶7�2´H�>¨7�4«Ê�9Ë �F¬4�-�tW�wW�w�>�A�_¦P��¦¯�w�7�9�w�L�/�����?�N¨7�F´4�ª��±
È0ËPt¶7��¦W�q�>¦t¦Î¨7�q¬7W�w�>�4¦2«s�A�7�>)¶7�9�_«+¸?t¶7�F�9½>�ª�;�c�Ô�\«s��¦¯�w�>�Y�-¬7¬7�t�N�>³/¶k«s��¦t³Z�Î��´H��«b�w�
t¶s�_¦L³/¶4�9¬7t�ª�)�_¦n¦WW�����r½9�����_«�Ày�>�s�w°»¦W�g�������s¨7�F´4�ª�n�9Ër«s�ª;�c�Ô�_¦n¶4�>¦)t�A´H��³/¶4�9�7�>��«+±
Å �T�t�ª�9½>�ª��¸y¦¯�w�4³Z���9�s°»�F�w�s�w�F�w·��9W�w�>� ¬7�/�>´s�w�ª��³ª�9�R´4�A���T¦¯����°R³Z�>�s½>�ª�tt��« �w�N/� �
�g��¼s���§��·��-W�w�>��¬7�t�T´s���ª� �m´N°A³/¶4�9�7�9�w�7�qt¶7�Ñ¦¯�w�>�A�-Ë�t¶7�2�>´fGW��³ZW�w½>�)Ë0¨7�4³ZW�w�>� � ¸7/¶7�
�9´4�9½>�b�>¦t¦W¨7�q¬7Î���T�4¦C¶7�9�_«RË0�>�C�q�N¦W�¬7�t�>´s�w�ª�g¦Ct¶4�9A³ª�9� ´4�»¦W�-��½T��« ¨4¦¿���7�R/¶7�
Ò\�Z�9�4³t¶b�9�4«AÒ	�>¨7�4«��-¬7¬7�t�N�>³/¶?±

Z#9IH ]>_�bc\`dKfegh`ßÅ)Ç�`L@R`ÈK�=#S
ÈmC¶4�>¦F´4�ª�ª� ¦W¨7�>�>��¦Ît��«��w� �g�9�s°»´H�N�>Æ7¦F�>� ³Z�T�q¬7¨7t�ª�g���w�>�T�W�wt¶7�g¦3�m�>±ó�4±w¸ n â�o �
t¶4�92t¶7�q¦W�ª2�9Ë\�T¬4�ª�»¬4�9�/W�wW�w�>�4¦dÐ ¬4�9�tW�wW�w�>�4¦h°>�ªv/�A´4�F�Z¼¥¬4�-�4«s��«ÊÐ ¦W¶7�>¨s�_«
´4�q¦Wt�>�/��«C�w�»�F¶7���9¬?±PÈ¯�bt¶7�Ñ¬7�t�T�>�;�9�!/¶4�9�Ë0�9�����9µv¦dµ��Ñ¨4¦W�F«7�9;��W°N¬H���©ÓÑÖp� �x¸
µ��wt¶�t¶7�)Ë0�9���w�9µ��w�7�q�w�st�ª�WËm�>³Z��l
úxë+î_ì�� á�á�Ð©Ö��Ñ��ÌF��Ì���ÍÈ¢��©Ó�ÖF� �a¤hÐ�Ö�����Ìp��Ì���Í �^¦�Ù
î ê ��� Ô¡�
��¥ê¢��©ÓÑÖp� �Ø¦�ÙÐ�Ö��Ñ��Ìp��Ì���Í ����ÓVÔ���Ü©Ó«Þ©ÓÑà���Ð�Ö��Ñ��Ìp��Ì���ÍÈ¢���Ó�ÖF� �^¦�Ù
úxë+î_ì ��ÓVÔ���Ü©Ó$�f���©à�Ó&Ù�ç�ÖpÍÈ¢��©ÓÑÖp� �1¤kÐ�Ö��Ñ��Ìp��Ì���Í �}¦�Ù

X)¦¯�w�7��t¶s�_¦Ñ«7�-;�qW°s¬4�q/¶7�§¦ÎÆ>�Z�w�ªt�>�»�9Ë�t¶7�qÒ	�;�9�4³/¶Y�9�4«bÒ	�>¨7�4«b�)�;³t¶7�ªW°s¬4�
�^¦)�>¦	Ë0�9���w�9µv¦Vl
Ð�Ö��Ñ��Ìp��Ì���Í �ïÞ�ÍfÞê¢ÂÐ©Ö«����Ìp��Ì«��Í � æ ��ÌFò�ÌDÍ�Ö�Ê�Ð©Ö��Ñ��ÌF��Ì���Í�¦×
��Ó�Öp� ����Í�Ó�£���ÖpÍ$á¡Ó�á�Ð©Ö«����ÌF��Ì«��Í�àëÙÐ�Ö�����Ìp��Ì���Í � É Ë�ÒfÐ�Ö��Ñ��Ìp��Ì���Í�àvâäã�åÈÙÐ�Ö�����Ìp��Ì���Í �/Þ�Ó�à�� É �ÑÊ�Ëf��Ì���ÍQÙÐ�Ö�����Ìp��Ì���Í �ØÖ«Ð©Ö��Ñ��ÌF��Ì���ÍQÙ
î ê � ÍQ¤�ÌuÙ
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